ABSTRACT The objective of this study was to evaluate whether or not the use of a prebiotic yeast cell wall (YCW) affects threonine requirements in starter broilers. Two hundred and forty 1-d-old Ross 308 broiler chickens were distributed among 2 Petersime battery brooder units (48 pens; 5 birds per pen). Different threonine to lysine ratios (0.60, 0.65, and 0.70 to 1.0) with 1.22% available lysine with and without YCW at 250 ppm was fed to the chickens in order to evaluate performance and intestinal morphology over a 21-d trial. A basal diet with 22% protein and 2,980 kcal/kg ME was prepared to create the 6 dietary treatments.
INTRODUCTION
In poultry diets composed of corn and soybean meal, threonine is often considered the third limiting amino acid after methionine and lysine. It is also important in collagen and elastin synthesis and antibody production (Ton et al., 2013) . Threonine is involved in a number of metabolic processes, representing approximately 40% of mucus protein structure (Carlstedt et al., 1993) and therefore plays an important role in intestinal mucosa. A study was done by Najafi et al. (2017) to investigate the effect of threonine on development of the small intestine during the starter period using Ross 308 broilers. The experiment indicated that feeding diets recommended 0.89% standardized digestible threonine resulted in a significant increase in villi height (VH) and muscular thickness in the duodenum and muscular thickness in the jejunum compared with 0.65% of standardized digestible threonine, which is deficient amount of threonine.
Due to genetic selection for rapid growth and lean meat deposition, many researchers have reported that C 2018 Poultry Science Association Inc. Received October 3, 2017. Accepted March 7, 2018. 1 Corresponding author: raghad@aggienetwork.com modern broilers have higher amino acids requirements than the commercial broilers used in previous decades (Dozier and Payne 2012) . Many of today's poultry nutritionist formulate their diets based on the concept of ideal protein, first suggested by Baker and Han (1994) , which suggests optimal ratios of essential amino acids to lysine. Dozier et al. (2015) reported that the optimal digestible threonine to lysine ratios for Ross 708 male broilers at 1 to 14 d of age for body weight gain and feed conversion were 0.66 and 0.69, respectively. In another two studies done by Dozier et al. (2016) using Ross × Ross 708 broilers and male Hubbard × Cobb 500 broilers, they concluded that the digestible threonine to lysine ratio of 0.68 can optimize the growth performance of the broilers from 21 to 49 d of age. Zhang and Kim (2014) evaluated the effect of four different total threonine to lysine ratios of 0.65, 0.70, 0.75, and 0.80, respectively, in Ross 308 broilers for 4 wk experiment. The results showed that birds fed a diet with a total threonine to lysine ratio of 0.75 had higher body weight gain compared to a threonine to lysine ratio of 0.80 during 1 to 3 wk of the study, whereas over the entire period of the study, 0 to 4 wk, broilers fed diets that contained threonine to lysine ratios of 0.70 and 0.75 had higher body weight gain than broilers fed with diets containing ratios of 0.65 and 0.80.
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The adoption of the veterinary feed directive implemented in January of 2017 has led to increased usage of various prebiotics in commercial poultry diet. Commercially available yeast cell wall (YCW) products derived from dried yeast (Saccharomyces cerevisiae) have a fairly long history of being fed to livestock for their prebiotic effects (Zhang et al., 2005) . Cell wall can also be derived from several other species of yeast such as Pichia guilliermondii, Saccharomyces boullardi, and Candida maltose, which are commercially available as feed supplements (Shanmugasundaram et al., 2014) . Most YCW products are rich in mannanoligosaccharides, D-mannose, B-glucan, melanin, glycoprotein, and several other compounds (Free 2013) . Both oligosaccharides and B-glucans are considered as nondigestible carbohydrates, which have been recommended as candidate prebiotics. The specific YCW product composition is dependent on the species of the yeast, the fermentation process, and the extraction processes (Aguilar-Uscanga and Francois 2003). Gao et al. (2008) stated that dietary supplementation of YCW at 2.5 g/kg to broiler diet from d 1 to 42 improved daily gains and feed conversion. It also increased the ratios of VH to crypt depth (CD) of the ileum at d 21 and the duodenum and jejunum at d 42. A study done by Zhang et al. (2005) showed that chickens supplemented with YCW product prepared from S. cerevisiae had greater VH and superior ileal mucosa development at 21 d of age.
Adding YCW as prebiotic in broiler diets, thus, has been shown to have a positive impact on performance in association with improved gut mucosal development of birds. Given that the gut mucosa has relatively high concentrations of threonine, the present study aimed to evaluate whether or not use of prebiotic YCW increases threonine requirements in starter broilers when expressed as an ideal ratio to lysine. 
MATERIALS AND METHODS

Experimental design and general procedures
A randomized complete block design arranged as a 2 × 3 factorial was used to determine the performance of the birds throughout the study. A total of 240 Ross 308 straight run broiler chicks purchased from a local commercial hatchery were distributed between two Petersime battery brooder units (48 pens; 5 birds per pen). Birds were randomly assigned to 6 treatments with 8 replicates for each treatment.
Different threonine to lysine ratios (0.60, 0.65, and 0.70 to 1) with 1.34% total calculated lysine with and without YCW at 250 ppm were fed to the chicks. A basal commercial-type corn-soy diet for starting broilers with 22% protein and 2,980 kcal/kg ME (Table 1) was used to create the various treatments. Analyzed values for amino acids are represented by ( Table 2 ). The basal diet was divided into 3 equal portions and using a100 kg ribbon mixer, L-Threonine (98%) was added at 0.0, 0.07, and 0.14% to create calculated threonine concentrations of 0.81, 0.88, and 0.94%, respectively, with 1.34% total lysine. These 3 diets were then each divided into 2 portions to create the 6 dietary treatments with and without 250 ppm YCW. The S. cerevisiae YCW prebiotic used for this experiment was supplied as Safmannan (Phileo-Lesaffre Animal Care, Milwaukee, WI, USA). Each dietary treatment was then pelleted and fed as crumbles throughout the study. Feed and water were offered to birds ad libitum. The environment of the brooder rearing room was completely controlled, with light 24 h per d.
Bird's weight and feed consumption were recorded in grams by pen at d 0, 7, 14, and 21 of the experimental period. The performance variables measured in this experiment include BW, phase weight gain per bird (PWG), feed conversion (FCR), productivity index (PI), and mortality (MORT). Productivity index (PI) was calculated using the following mathematical formula: PI = (100 − MORT) × (BW/1000) /Bird age/FCR × 100
Histology samples preparation
Samples from jejunum and ileum were collected at the end of the study on d 21. One bird per pen was selected randomly for morphological evaluation. Thus, a total of eight birds were evaluated for each treatment. An approximately 3 cm length of small intestine was collected: jejunum (about 2 cm after the distal duodenal loop) and ileum (about 2 cm after the Meckel's diverticulum). The intestinal segments were first rinsed with phosphate buffer saline, fixed in 10% buffered formalin, dehydrated with 70% ethanol alcohol, and embedded in paraffin wax. A 2-μm cross-section of each sample was placed on a glass slide and hematoxylin and eosin stain (StatLab, Mckinney, TX) was used. Histological sections were examined with a Nikon Super Cool Scan 5000 (Nikon, Inc., Melville). Five well-oriented villi for each jejunal and ileal sections were measured per replicate. The measured variables were VH, CD, VH/CD ratio, villi width (VW), and the muscularis thickness (MST). ImageJ software (ImageJ, National Institutes of Health, Bethesda, MD) was used for measurement. Representative histological images with VH, CD, VW and MST for 21d old broiler fed Thronine to Lysine ratio 0.70 without YCW are shown in (Figure 1 ) with (A) Jejunum section and (B) Ileum section.
Statistical procedures
All performance and histological data were analyzed as 2 × 3 factorials using the GLM procedure of SPSS (IBM, Armonk, NY, USA). Main effects for the threonine to lysine ratio and YCW, as well as interaction and block effect were determined. Each vertical level of 8 pens was considered a separate block. Means were separated using Duncan's Multiple Range Tests at P value ≤0.05 unless otherwise noted.
RESULTS
Growth and performance
The dietary treatments were formulated to contain three different threonine to lysine ratios 0.60, 0.65, and 0.70:1 without and with YCW at 250 ppm. YCW showed no significant effects for all parameters measured throughout this nonchallenge experiment and there was no interaction between YCW and threonine to lysine ratios throughout the study. The performance results at 21 d of the study showed that the BW, PWG (d 14-21), FCR, and PI for the threonine to lysine ratio of 0.70 were all improved (P < 0.05) from the threonine to lysine ratio of 0.60 (Table 3) . However, there were no differences between threonine to lysine ratios in mortality.
Intestinal morphology
Histological observation showed that at 21 d of the experiment, jejunum VW was significantly greater in broilers fed with the threonine to lysine ratio of 0.70 versus 0.60 (Table 4 ). There were no differences between all other jejunum morphological parameters that were measured.
The main effects of threonine to lysine ratio on ileum intestinal mucosa are shown in (Table 5 ). Ilium VH was significantly higher for the threonine to lysine ratio of 0.70 compared with 0.60, and there were no differences between all other ileum morphological parameters.
DISCUSSION
Growth and performance
Dietary supplementation with various YCW supplements have been shown to improve performance in studies employing a gastrointestinal tract challenge as either a coccidiosis challenge or Clostridium perfringens challenge (Shanmugasundaram et al., 2013; Fowler et al., 2015) . Baker et al. (2002) predicted that the ideal ratio (as % of digestible lysine) for threonine was 55.7% for chicks during the 2 and 3 wk of hatch. This ratio was lower than the ratio estimated by Baker (1997) , Baker and Han (1994) , which was 67% based on standardized digestibility. Mack et al. (1999) measured requirements of birds from d 20 to 40 and suggested 63% threonine to lysine ratio for this age by using broken-line gain requirements for threonine and lysine. Dozier et al. (2015) stated that the optimal digestible threonine to lysine ratio for Ross 708 male broilers is between 0.66 and 0.69 from 1 to 14 d of age for body weight and FCR respectively. Zhang and Kim (2014) evaluated the effect of four different total threonine to lysine ratios of 0.65, 0.70, 0.75, and 0.80, respectively, in Ross 308 broilers and found that birds fed the diet with a threonine to lysine ratio of 0.75 had higher body weight gain compared to those birds fed with a threonine to lysine ratio of 0.80, but not different than 0.65 or 0.70 during 1 to 3 wk of the study. A calculated total threonine to lysine ratio of 0.70 (0.68 digestible) resulted in the best growth performance for this particular study, which is in agreement with most of the current literature. Our study was not designed to evaluate ideal threonine to lysine ratios but rather to see whether ideal threonine to lysine ratios interacted with the YCW prebiotic.
Similar to this study, a previous experiment done by Chee et al. (2010) indicated that there was no interaction between threonine concentration (0.7, 1.0, and 1.3 of National Research Council (NRC), 1994, recommendations) and hydrolyzed yeast supplemented at 0 and 0.2% in any performance variable, except for body weight gain for the period from hatching to 14 d of age. BW was lower in birds fed with excess threonine in the absence of YCW. Meanwhile, there was a significant increase in BW when YCW was used 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.65 5.00 ± 3.27 0.00 ± 0.00 2.50 ± 1.70 0.70 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 Total 1.67 ± 1.15 0.00 ± 0.00 0.83 ± 0.58 ±Standard error a,b Main effect means within a column for the specified variable with no common superscript differ significantly (P ≤ 0.05).
1 Threonine to Lysine ratio, 2 Phase weight gain from 14 to 21 d of age, 3 Feed conversion ratio, 4 Productivity index, 5 Mortality x Main effect means for Threonine ratio or YCW inclusion. Note: There was no interaction between YCW and threonine to lysine ratios throughout the study.
with both deficient and adequate amounts of threonine. YCW has previously been reported (Fowler et al., 2015) to improve performance of young broilers challenged with Clostridia perfringens. For this nonchallenge study YCW did not significantly affect performance (Table 3) .
Intestinal morphology
The presence of an adequate amount of threonine in the diet has been postulated to have a direct effect on the intestinal morphology through its obligatory involvement in the synthesis of the intestinal mucosa and mucins (Faure et al., 2005; Wang et al., 2007; Nichols and Bertolo 2008) .
Researchers have reported that adding hydrolyzed yeast to poultry diets results in some improvement in intestinal morphology. Iji et al. (2001) and Baurhoo et al. (2007) reported that adding commercial hydrolyzed yeast to broiler diet helped increase the jejunum VH. Another study done by Rezaeipour et al. (2012) investigated the effects of four levels of L-threonine 98% (0, 2.5, 5, and 7.5 g/kg diet) with or without live Saccharomyces cerevisiae on performance and intestinal morphology. Although live S. cerevisiae did not affect performance, increasing concentration of L-threonine 98% improved VH, CD, and VW in both jejunum and ileum segments. The morphological results described by Chee et al. (2010) agreed with our results in that they found adding threonine at concentrations of 0.7, 1.0, and 1.3% of NRC, 1994, recommendations and hydrolyzed yeast at 0 and 0.2% had no significant effect on MST or CD for any of the intestinal regions, and birds that were fed low threonine showed shorter villi. Hamard et al. (2007) also indicated that VH and VH/CD ratio were reduced in the ileum of piglets that were fed a low threonine diet compared with the control treatment (a well-balanced diet). Najafi et al. (2017) reported that supplementation of 0.89 g/kg diet of standardized digestible threonine significantly increased MST of duodenum and jejunum of broiler chicks, whereas VW in jejunum was affected by 0.93% of standardized digestible threonine.
In conclusion, utilizing a prebiotic YCW does not necessarily require additional threonine for maximum starter broiler performance. 
